A mineralogical study of the three nakhlite (martian) meteorites has revealed that they contain evaporite mineral assemblages. Lafayette has Ca-siderite and clay minerals (smectite/illite) along fractures within olivine; Governador Valadares contains clay mineral veins in olivine, with siderite, gypsum and anhydrite in interstitial areas; Nakhla has clay and gypsum veins in olivine, with Mg-, Mn-rich siderite, anhydrite and halite in interstitial sites. Minor goethite is also present in the three meteorites. Lafayette siderite has the range of compositions (mol%) CaCO 3 21.6^36.8, MnCO 3 4.2^35.3, MgCO 3 0.1^1.6, FeCO 3 27.4^67.0; Governador Valadares has CaCO 3 3.6^11.1, MnCO 3 1.1^2.1, MgCO 3 9.0^29.2, FeCO 3 64.3^77.8; Nakhla has CaCO 3 0.1^5.7, MnCO 3 1.0^39.9, MgCO 3 2.0^40.9, FeCO 3 23.2^87.0. Trace element abundances for clay, siderite and gypsum are all similar with LREE, Y s HREE, Zr, Nb and La 0.9^95UCI; Y 0.2^2.4UCI. This pattern of abundances reflects the trace element contents of the parent fluid, which in turn were derived through dissolution of LREE-enriched feldspathic mesostasis. The close similarities in silicate petrography and radiometric ages determined by other workers for these olivine clinopyroxenites suggests that the parent rocks were close to one another on Mars and therefore the same fluid may have been responsible for the precipitation of the evaporite mineral assemblages. Lafayette contains the mineral assemblage and siderite composition which are least soluble in water and Nakhla contains the most soluble minerals and carbonate composition. On the basis of our new data we consider a new model of progressive evaporation from a Na^Mg^Fe^Ca^SO 4^C l^H 2 O^HCO 3 3 acidic brine in an area of enclosed drainage (e.g. crater or low-lying flood plain) on Mars. Partial dissolution of near-surface rocks by the acidic brine released Fe, Mg and trace elements from mesostasis and olivine into the fluid. The Lafayette assemblage was formed where s 25% volume of the water remained following evaporation, Governador Valadares 20% and Nakhla 6 10%. This model is consistent with martian ground temperatures at s 0³C and a thicker atmosphere (pCO 2 = 30^100 mbar) at least over brief periods of time 91.3 Ga. ß
Introduction
The three nakhlites^Nakhla, Governador Valadares and Lafayette^form a closely similar clan within the SNC (Shergottite^Nakhlite^Chassig-nite) group of meteorites. The SNC meteorites de¢ne a group on the oxygen 3 isotope plot indicating derivation from a common parent body [1, 2] . This parent body is widely believed to be Mars on the basis of the SNC group's long range of ages, fractionated bulk and trace element compositions, relatively oxidised mineral assemblages and trapped gas compositions [3^5] . Nakhla is an observed fall (1911) and the other two are ¢nds of more uncertain origin. Despite their similarities, there are su¤cient visual, petrographic and chemical di¡erences to distinguish between the meteorites [6^8] . No evidence of terrestrial weathering in these meteorites has been reported.
The nakhlites are olivine clinopyroxenites (augite with minor orthopyroxene) with interstitial glass, feldspar and a silica polymorph. Ti-rich magnetite and ilmenite grains are also common. The mesostasis in Nakhla and Governador Valadares is glassier than that of Lafayette, which has undergone more extensive compositional equilibration than the other two meteorites [7] . The parent rocks may have formed through melt differentiation and augite accumulation within a thick basic^ultrabasic lava £ow or shallow intrusion similar to some Archaean £ows on Earth [9] . It is likely that the three meteorites formed in the same igneous event at the same locality. The melt source was LREE-depleted mantle, and crystallisation of the Nakhlites took place at 1.3 Ga (ArÂ r, Rb^Sr; Sm^Nd) [4, 10, 11] . The three nakhlites have ejection ages of 11.0 Ma [12] .
The shallow, crustal origin of the nakhlites makes them of particular interest in tracing the e¡ects of interaction between crustal £uids and the surface igneous rocks on Mars. As we argue in this paper, their mineralogical assemblages can also provide information about the nature of sedimentary processes on the planet. The presence of smectite/illite veins within olivine [8, 13, 14] is the clearest evidence for low temperature aqueous activity in the parent rocks. These veins are in places seen to be truncated by fusion crust and so clearly have a preterrestrial, martian origin. Carbonate minerals in the SNC meteorites can reveal information about crustal and atmospheric reservoirs on Mars. For instance, siderite in Nakhla has Cisotopic compositions 9N
13 C+50x [15] that may have resulted from exchange between a 13 C-rich atmosphere and £uids from which the carbonate or its sedimentary precursors precipitated. Similarly, siderite in Nakhla and Lafayette has N 18 O = +31^36x [16, 17] , which may indicate exchange with 18 O-rich £uids. The aim of this paper is to describe and compare the salt mineral assemblages (siderite, sulphate, chlorapatite, halite) present in the three nakhlites and propose a model for their formation. The nakhlites are characterised by the presence of signi¢cant amounts of siderite, ¢rst noted in Nakhla by Carr et al. and Chatzitheodoris and Turner [18, 19] . Bridges and Grady [20] described an evaporite-like halite^siderite^anhydrite^chlor-apatite assemblage in Nakhla. Siderite has also been noted in Lafayette [17] . Previously [20] , we have proposed a high temperature origin for the salt assemblage in Nakhla by assimilation of evaporites into the melts. This model was based mainly on the unusual textures seen at high magni¢cation, e.g. juxtaposition of siderite with pyroxene. Soil or sediment contamination of the nakhlite melts may be the explanation for some of the geochemical characteristics of these meteorites such as high 129 Xe abundances [21] . Here we explore an alternative model for the three nakhlites of low temperature precipitation from brines. Such a model has been proposed for the ankeritic carbonates in the SNC meteorite ALH84001 [22, 23] . Determination of the nature of aqueous and sedimentary processes on Mars is important for understanding the geological history of the planet. This includes determining the current sites for some of the C and H 2 O which were present in a thicker atmosphere in earlier epochs [24] . It is also important in making the selection of landing sites [25, 26] in environments where traces of any life may have been preserved.
Samples and methods
Governador Valadares (sample BM 1975, M16), Lafayette (BM 1959, 755) and Nakhla (BM 1911 369; BM 1913, 26) were used in this work. Apart from one thin section of Governador Valadares which was prepared with water, the sections/blocks used in this study were polished in oil and cleaned with non-polar solvents in order to minimise the loss of water soluble phases. Two polished sections or blocks of Governador Valadares, three of Lafayette and 16 of Nakhla were examined, mainly with back-scattered electron images. Except for clay minerals, all of the minerals discussed here were analysed with a Cameca SX50 at 12 kV, 10 nA. A slightly defocused beam (3 Wm) was used in the case of those phases, including carbonate, liable to instability during analysis. The clay mineral veins were analysed with a Hitachi 2500 SEM at 15 kV and 2 nA specimen current.
Trace element analyses of six siderite grains, one chlorapatite and three clay mineral veins from Lafayette together with two siderite and one gypsum from Governador Valadares were determined with a Cameca IMS 4f ion microprobe. Analyses were made using a 16 O beam of 15 keV net impact energy and beam current of 4^5 nA. The beam diameter was approximately 15 Wm. Energy ¢ltering (secondary ion energies limited to 75 þ 20 eV) was used to reduce the molecular ion species and corrections were made for known molecular ion overlaps (BaO and light REE oxides on Eu and heavy REE and FeSi on Rb). The main standard was SRM 610 silicate glass and secondary standards of Durango and Wilberforce apatite, relative count rates are accurate. The very low concentrations are limited by counting statistics to 1c standard deviations of 50^70% at 0.01 ppm, 15^20% at 0.1 ppm and 5% at 1 ppm. Previous trace element analyses on siderite and anhydrite in Nakhla used the same technique and operating conditions and these are reported in [20] . Qualitative indications of H 2 O presence in some of the sample grains were obtained using measured H counts. Mg-, Mn-rich siderite Goeth = Cl bearing goethite, sm/ill = smectite/illite veins, ca = chlorapatite of igneous or low temperature origin, gyp = gypsum, anhyd = anhydrite. a Reported by [14] . GV = Governador Valadares, N = Nakhla, L = Lafayette, sd = siderite, go = goethite, gyp = gypsum, an = anhydrite, ca = chlorapatite, il = ilmenite, uv = ulvo « spinel, mag = Ti-magnetite, hm = haematite. a CO 2 calculated by di¡erence. b Total corrected for O equivalent of F and Cl. c Fe 2 O 3 and mag-uv/il-hm end members calculated on the basis of surplus to 24 or four cations followed by normalisation. All analyses WDS except Lafayette clay, which is EDS. 
Results

Mineral assemblages
Lafayette is found to contain signi¢cant amounts of Ca-rich siderite (grains 9100 Wm) situated along fractures, often as a result taking a rhombohedral shape, and smectite/illite veins within olivine (Fig. 1A) . Chlorapatite is also abundant, mainly within interstitial areas, but no sulphate grains have been found.
In contrast, siderite grains in Governador Valadares are located in interstitial areas within the meteorite, often associated with Ti-rich magnetite or ilmenite, and range in size up to 30 Wm length. Fig. 1B shows a lamella of ilmenite, less than 5 Wm wide, present within a 30 Wm siderite grain. One Ti-magnetite grain (Fig. 1C) encloses a rhombohedral siderite grain and lesser amounts of nonstoichiometric feldspathic glass. Another grain of siderite is located at the upper margin, and partially enclosed, within the same magnetite. Veins of goethite occur in the interstitial areas, in one case crosscutting a grain of gypsum (Fig. 1D) . Gypsum or anhydrite is sometimes adjacent to siderite but veins of gypsum up to 450 Wm long and less than 5 Wm wide are also found within the augite and olivine (Fig. 1E) . Minor chlorapatite is present in the interstitial areas.
Nakhla contains halite, siderite, anhydrite, chlorapatite and veins of sulphate that are probably gypsum. This assemblage has been described elsewhere [20] . Like the siderite in Governador Valadares, the siderite (grains 9 50 Wm), anhydrite, chlorapatite and halite occur within interstitial areas together with occasional veins of goethite. Some of the siderite grains in Nakhla are also intergrown with magnetite^ilmenite and interstitial pyroxene. The halite is frequently adjacent to or enclosing siderite or anhydrite and is present in massive segregations up to 400 Wm diameter or as veins (Fig. 1F ). This suggests that the halite crystallised after the other minerals. The evaporite mineral assemblages found in each of the three nakhlites are summarised in Table 1.
Mineral compositions
Representative mineral compositions for the three nakhlites are given in Table 2 Valadares (squares), two siderite analyses and one chlorapatite (¢lled circles). Stippled area is ¢eld of Nakhla siderite trace element abundances [20] . (B) Five siderite grains from Lafayette. (C) Three clay vein analyses from Lafayette. Trace element abundances of a Nakhla low density separate (crosses) [4] are also plotted to give an indication of relative trace element abundances of the £uid that had dissolved such interstitial silicate and from which the evaporite mineral assemblage crystallised.
has the lowest Ca and highest Mg and Mn contents. CaCO 3 0.1^5.7, MnCO 3 1.0^39.9, MgCO 3 2.0^40.9, FeCO 3 23.2^87.0 mol% (41 analyses from 32 grains). The Nakhla siderite also has high and low MnCO 3 groupings (v 30 mol% and 9 20 mol%). These analyses are plotted on Ca^Mg^Fe and Mn^Mg^Fe and ternary diagrams ( Fig. 2A,B) . Another feature of the siderite compositions is the high content of Cl present within them (9 1 wt% in the case of Governador Valadares). Table 2 also gives gypsum and goethite compositions. The goethite in Nakhla and Governador Valadares contains 9 4.9 wt% Cl.
Ti-magnetite in Governador Valadares has the range of compositions (based on seven mineral pairs) ulvo « spinel 37^57, magnetite 43^63 mol% and ilmenite lamellae within the Ti-magnetite grains are ilmenite 93X6À100 haematite 0À6X4 mol%, and these compositions are similar to those reported for Nakhla and Lafayette [27] . These mineral pair compositions can be used to constrain a subsolidus temperature and oxidation state of ilmenite exsolution from the magnetite-ulvo « spinel solid solution [28] . The temperature and oxygen fugacities are 700^750³C, 3log 10 fO 2 = 16^19, lying close to the quartz^fayalite^magnetite bu¡er conditions.
Trace elements
Trace element abundances for siderite, gypsum, clay and chlorapatite are given in Table 3 and Fig. 3A^C . Siderite in Governador Valadares has the highest trace element abundances of the three meteorites with Rb, Sr, Ba and LREE (La 22^38UCI) s Zr, Nb, HREE and Y (1.72
.4UCI). Siderite in Lafayette has £atter REE pro¢les and lower levels of enrichment (La 1.68 .3UCI, Y 0.41^1.20UCI) than Governador Valadares. The Lafayette compositions overlap with the abundances determined previously for Nakhla siderite and anhydrite [20] . The Lafayette siderite has the highest Sr abundances (90^130UCI) of the three meteorites, consistent with its high Ca contents.
Gypsum in Governador Valadares has a smooth abundance pattern, like that of the siderite but with a higher enrichment of trace elements (La 95UCI, Y 6UCI) and a slight negative Eu anomaly (Eu/Eu* = 0.34). Clay veins in Lafayette show the same general abundance pattern and similar levels of enrichment to the siderite in the meteorite (La 3
Chlorapatite has a steep abundance pattern and much higher levels of enrichment, with 2300UCI for La and 34UCI for Y. Some F was detected (211UCI) but no H ions above background levels, indicating that the chlorapatite is anhydrous. The trace element abundances of a low density separate from Nakhla (a mixture of feldspar and glass) are shown in Fig. 3C [4] . It has a similar abundance pattern to the phases studied here but, apart from the chlorapatite, higher overall enrichments (La 67UCI). It only contains a small Eu anomaly (Eu/Eu* = 1.9).
Discussion
Mineral assemblages and trace elements
Although more sections of Nakhla than the other two meteorites have been examined, accurate representations of the minerals present have probably been described (Table 1 ). For instance, at least traces of halite are found in most sections of Nakhla, so its absence in the other two meteorites is likely to be genuine. The clearest new evidence for a low temperature origin of the evaporite mineral assemblages in the nakhlites is shown by the fracture ¢lling clay minerals (undifferentiated mixture of smectite/illite) and siderite within Lafayette. In a previous model [20] we interpreted the relatively complex textures of siderite and associated phases in Nakhla to indicate the possibility of an origin from residual melt at elevated temperatures. However, in the light of our new data it seems likely that the alternative explanation involving fracture ¢lling or the replacement of pre-existing high temperature phases is correct. In this paper we therefore consider a low temperature model, with crystallisation from a brine, for the salt assemblages in the three meteorites.
It is possible to infer a crystallisation sequence from a brine for the minerals studied here. Clay minerals are likely to have formed before the anhydrite and halite, otherwise the latter two minerals might have been hydrated or dissolved. The association of Ca-siderite with clay minerals within the olivine grains suggests that it formed at an earlier stage than the interstitial Ca-poor siderite. Considering the three nakhlites together, the general order of precipitation is clay mineral veins+ Ca-siderite, gypsum, anhydrite, halite. Progressively more Mg-, Mn-rich siderite crystallises following the initial Ca-siderite growth. There may be two separate generations of phosphates^a low temperature one which includes the chlorapatite associated with halite [20] and also an igneous/ subsolidus one [7] . The trace element chemical analysis of the chlorapatite analysed here is similar to that of chlorapatite shown to be igneous by [29] . An igneous origin is supported by the anhydrous composition determined here, although the analyses of [29] had negative Eu anomalies. The distinction between di¡erent generations of phosphate remains problematic and it is not certain how apatite precipitation relates to the evaporite mineral assemblage discussed here. The reason for the association between magnetite or ilmenite and the salt minerals in Governador Valadares is not clear either but may simply be coincidental because both occur in the interstitial areas. There is no clear evidence for replacement of magnetite by siderite.
The trace element abundances of the salt minerals in the three nakhlites are characterised by LREE s HREE. Complexing of the REE in brines is associated with HREE enrichment [30] , thus this cannot be the control on the trace element abundances. The higher abundances of trace elements with large ionic radii (Rb, Zr, Nb, LREE) are also inconsistent with a partitioning control based on ionic radii because the optimal ionic radius for substitution into calcite is 0.96 A î [31] , which is similar to the radii of the middle and HREE. The Lafayette siderite, which is the most Ca-rich, does not have the highest HREE contents of the three meteorites. Within saline £uids (e.g. with ionic strengths v0.7 mol kg 31 ) the REE can be present as free metal ion species [32] . Therefore, the trace element patterns re£ect £uid composition and the similarity in the trace element abundances of the clay mineral veins and the siderite suggests that they were both derived from the same LREE-enriched brines.
Treiman and Lindstrom [33] suggested that the = 61^800 mg/kg and pCO 2 (g) = 301 00 mbar, after [38, 39] , give the same pattern of evaporation. This model uses the Geochemist's Workbench program, which has the data base of [35] . In this ¢gure the carbonate precipitated is assumed to be Fe-rich although Fe bearing species are not listed within the actual program. Similarly it is assumed that the free silica predicted by the program can have reacted with olivine within the nakhlites to form clay, or alternatively, have precipitated as clay from a silica-rich gel. The clay and Fe, Ca, Mg bearing carbonate assemblage formed at a low extent of evaporation ( s 25% water remaining) corresponds to the siderite and clay veins present in Lafayette. The addition of gypsum (at around 15^20% water remaining) is similar to the Governador Valadares assemblage, and the presence of more Mg-rich carbonate, halite, anhydrite and Mg-sulphate [14] once evaporation is nearly complete ( 6 10% remaining) corresponds to Nakhla. major element composition of the clay mineral veins in Lafayette could be modelled as an altered mixture of the meteorite's olivine (50%), mesostasis (40%) and water (10%). This would imply that the trace element composition of the £uid from which the clay and salt minerals formed was dominated by the dissolved interstitial feldspar, feldspathic glass and silica polymorphs, like the low density separate [4] shown in Fig. 3C . Therefore the trace element contents of the £uid, and thus those of evaporitic minerals which crystallised from it, may represent a dissolved fraction of interstitial, igneous silicate from the nakhlites. The absence of consistent positive Eu anomalies in the nakhlite salt minerals may be because interstitial silicate in the nakhlites has only a small Eu anomaly [4] and also as a result of oxidising conditions in a near surface, martian setting. However, it is not certain whether the composition of the £uid was determined entirely as a closed system within the nakhlite parent rocks because similar compositions could have been produced through the transport of cations from other igneous rocks in the martian crust.
Solubility controls on the evaporite mineral assemblages
The order of solubility of salts in cold water [34] is: chlorapatite 6 CaCO 3 6 FeCO 3 = MnCO 3 6 MgCO 3 Hanhydrite 6 gypsumHhalite. The evaporite assemblages demonstrate a solubility trendL afayette only has minerals (siderite and, possibly, chlorapatite) with relatively low solubility in water at low temperature, Nakhla also contains minerals with high solubilities and Governador Valadares includes those of intermediate solubility. Decreasing Ca and increasing Mg contents of siderite from Lafayette to Nakhla are also consistent with a solubility trend. The presence of the least soluble, Ca-rich siderite along clay mineral veins within Lafayette and, in contrast, the more soluble Mg-rich siderite within interstitial areas of the other two nakhlites might also be a result of this control.
Only the presence of anhydrite and the uncertainty involving the possible two generations of chlorapatite disrupt the general solubility trends between and within the three nakhlites. In practice, the high ionic strength of the brine means that the actual solubility values are unknown but the relative trend between the minerals is likely to be correct. This solubility control suggests a model of progressive evaporation is applicable to the nakhlites.
Model of progressive evaporation
The nature of the mineral assemblages described here implies that the brine from which they could have crystallised was similar to the terrestrial Na^K^Mg^Ca^SO 4^C l^H 2 O type which is found in a variety of continental or seawater environments [35, 36] . Similar, although probably less saline, acidic brines have been described from the Palo Duro basin in Texas [32, 37] . The REE abundances of aquifer samples from Palo Duro were related to interactions with clastic and carbonate sediments in the surrounding country rocks.
However, the nakhlite £uid must have had a low K content and signi¢cant amounts of SiO 2 and Fe, derived by dissolution of mesostasis and olivine, possibly in a near surface setting. This £uid is likely to have remained at low pH and negative alkalinity throughout its evolution. Schae¡er [38] modelled the geochemical evolution of the martian hydrosphere. Although it was primarily concerned with the hypothesis of a northern palaeo-ocean, much of the model is applicable here (e.g. lower limits for HCO 3 3 concentration in water that had exchanged with CO 2 in the martian atmosphere). Fig. 4 shows the results of a progressive evaporation model which uses`Geochemist's Workbench' software. Following [38, 39] , parameter ranges used were pCO 2 (g) = 30^100 mbar, HCO 3 3 = 61^800 mg/kg and most of the starting cation concentrations were those of terrestrial seawater. The £uid temperature was 10^25³C. However, K was set to a negligible value and Mg and SiO 2aq to higher values 1500 and 200 mg/kg^in order to make the calculated mineral assemblages more consistent with those present in the nakhlites. For similar reasons, Treiman and Lindstrom [33] also suggested that low temperature £uids in the nakh-lites had been Mg-rich. The same, or closely similar, results were obtained across the range of atmospheric and £uid parameters above.
The results of the model calculation in Fig. 4 show free SiO 2 . As there is no such phase associated with the evaporite assemblages, it is likely that this reacted with olivine and water to form the clay mineral veins. Alternatively it could have precipitated as part of a silicate gel within cracks of the olivine grains [33] , subsequently forming the smectite/illite. The model of [35] , which includes the species data base upon which`Geochemist's Workbench' is based does not include either P, Fe or Mn. The lack of Fe causes the calculated carbonate composition to be dolomite rather than siderite. However, in practice the high Fe concentration of the low temperature £uid considered here is consistent with siderite as the actual phase and so this is shown in Fig. 4 . Catling [39] also suggested, on the basis of a thermodynamic model, that siderite would initially precipitate from £uids derived from weathered martian rocks.
The model (starting with 1000 g of brine) can be used to trace the approximate extent of evaporation that the £uid had undergone in the parent rock of each of the three meteorites. The free SiO 2 (giving clay) and carbonate bearing assemblage where s 25% volume of the water remains corresponds to Lafayette; the gypsum and anhydrite, free SiO 2 (clay), carbonate assemblage where 20% of the water remains corresponds to Governador Valadares ; the halite, anhydrite, Mg-rich carbonate, clay assemblage in Nakhla suggests that 6 10% of the water remained in its parent rock. The presence of Mg-sulphate traces in Nakhla [14] might mean that evaporation of the £uid by that stage was almost complete, with 6 5% water remaining. Precipitation of Ca-rich carbonate followed by more Mg-carbonate and gypsum is a common trend within evolving brines [40] . In one section of Nakhla, halite was found to be s 10 times more abundant than other salt phases [20] so the relative volumes in Fig. 4 are broadly consistent with the petrographic observations. Fluids could easily have migrated as groundwater through the parent rocks in the upper few tens of metres of the martian crust.
Martian setting
The nature of the evaporite mineral assemblages in the nakhlites suggests an origin through occasional £ooding episodes. As Warren [22] argued in an evaporitic model for carbonates within ALH84001, protracted exposure to water would have caused extensive alteration of pyroxene. Water probably ponded in areas of enclosed drainage such as craters [41] or low-lying £ood plains near the northern plains/southern highlands boundary. Some ponded water would have seeped as groundwater into the upper layers of the martian crust. The nakhlites may have originated as igneous layers within a near surface setting underneath an area such as a £ood plain or crater where water was able to pond. The acidic groundwater percolated from the ground surface through the nakhlites, dissolving mesostasis and other silicate phases, subsequently precipitating the salt minerals due to evaporation.
Progressive evaporation requires that the past martian climate (9 1.3 Ga in this case) was warmer and above freezing point for more than just summer days during perihelion as at present. Changes in the obliquity of Mars over the last 1.3 Ga on timescales of 10 5^1 0 7 years caused major variations in the distribution of solar insolation over the planet and warmer periods [42, 43] . Another factor a¡ecting surface temperatures was the thickness of the atmosphere which may have been s 70 mbar [38, 39, 44, 45] . The localised melting of ice due to volcanic activity [46] could also precipitate brief £ooding episodes during this relatively recent stage in the planet's history. Evaporation of £ood waters may have led to the formation of hard pans, such as those thought to be present in layers within the £ood plains around Chryse [47] .
Primitive life may have existed on evaporite deposits as they have experienced the past presence of liquid water. Hypersaline environments can support bacterial life (e.g. [48] ). Of the various geological environments, e.g. hydrothermal springs, karst topography, where any life may have occurred, this one probably has the strongest current evidence for its existence both from the information provided here from meteorites and also remote sensing data [41] . The Mars Beagle 2 Lander for 2003/4 is designed to test accurately for signs of life such as methane and 12 C-enriched deposits [25, 26] . The identi¢cation of suitable evaporite or hard pan areas using data from the current Mars missions may enable such areas to be considered as a landing site.
Conclusions
The three nakhlite meteorites Lafayette, Governador Valadares and Nakhla contain an assemblage of minerals that together record the progressive evaporation of a brine through their parent igneous rocks on Mars. Lafayette contains Ca-rich siderite situated along clay mineral (smectite/illite) veins within olivine. This records the initial precipitation of minerals from the brine. With more extensive evaporation of the brine the more soluble clay minerals, Ca-poor siderite and gypsum and anhydrite crystallised in the parent rock of Governador Valadares. Nakhla contains the ¢nal products of the evaporating brine : clay minerals, Mg-, Mn-rich siderite, gypsum veins, anhydrite and halite. Most of the salt minerals in the latter two meteorites are located in interstitial areas. All three meteorites also contain some goethite. Chlorapatite is present in each of the meteorites but its origin is less clear some of the chlorapatite has an anhydrous composition consistent with an igneous origin but there may also be a separate, low temperature generation. The sequence of salt crystallisation can be modelled as the progressive evaporation of a brine with the composition of terrestrial seawater (but lower K and higher SiO 2 and Mg). Lafayette marks the point where s 25% of the water remains, Governador Valadares 20% and Nakhla 6 10%.
The siderite, gypsum and clay minerals all have LREE s HREE, Y abundances. These patterns are similar to that of Nakhla mesostasis determined by other workers, and suggest that the trace element composition of the salt minerals re£ects that of the £uid, which in turn was derived through prior dissolution of mesostasis elsewhere in the parent igneous rocks.
The existence of evaporating groundwaters in the meteorite parent rocks 91.3 Ga (the crystallisation age of the nakhlites) is consistent with suggestions that ground temperatures on Mars then were above freezing for more of the time than in the present and the atmosphere was thicker (e.g. 30^100 mbar) at least for brief periods. The waters may have originated as £oodwaters trapped in areas of in internal drainage such as low-lying £ood plains or craters.
